PURPOSE: This research examined the risk of disease-related mortality of the Army Chemical Corps (ACC) veterans who handled/sprayed herbicides in Vietnam in comparison with their non-Vietnam veteran peers or U.S. men. METHODS: Vital status was determined through December 31, 2005. All-cause mortality and cause-specific mortality were compared for individuals who served in Vietnam (n Z 2872) versus those who did not (n Z 2737). Similar analyses were completed on a subset of the original Vietnam cohort that consisted of individuals who either reported spraying herbicide (n Z 662) or not (n Z 811). The observed deaths for each of the two base cohorts were also compared with expected deaths for U.S. men. RESULTS: Statistically significant excess mortality was found for ACC Vietnam veterans for chronic obstructive pulmonary disease (adjusted relative risk [ARR], 4.82; 95% confidence interval [95% CI], 1.10-21.18). When examining patterns for veterans in the Vietnam veteran subset, we found nonsignificant elevated ARRs among herbicide sprayers for all-cause, respiratory system disease, and respiratory system cancer mortality. Compared with U.S. men, the Vietnam veteran cohort had significant excess mortality for all-causes (standardized mortality ratio [SMR], 1.13; 95% CI, 1.04-1.23), respiratory system cancer (SMR, 1.35; 95% CI, 1.03-1.73), nonmalignant respiratory system disease (SMR, 1.58; 95% CI, 1.08-2.23), and miscellaneous malignant cancers (SMR, 1.77; 95% CI, 1.03-2.84). 
INTRODUCTION
The members of the Army Chemical Corps (ACC) were responsible for handling and spraying herbicides around the perimeters of military base camps in Vietnam. They may constitute the largest cohort of Vietnam-era veterans (those who served in Vietnam and those who served in areas outside Vietnam during the War) who were directly exposed to Agent Orange and its contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). The extent of herbicide exposure of this cohort of veterans was thought to be similar to those of the US Air Force Ranch Hand personnel who were involved with the fixed wing aircraft spraying of herbicides during the Vietnam War. The members of the ACC Vietnam veterans who reported spraying herbicides as part of their military duties in Vietnam have been demonstrated to have significantly increased serum TCDD concentrations and a significantly increased risk for diabetes, heart disease, hypertension, and nonmalignant respiratory disease associated with the exposure (1) . None of these conditions was significantly associated with Vietnam service while adjusting for herbicide spraying and other covariates. The Institute of Medicine committee that reviewed scientific literature related to the health effects of Agent Orange and its contaminant stated that the ACC veterans represent our best opportunity to understand the health effects of exposure to TCDD and herbicides used in Vietnam and recommended further follow-up of these veterans (2, 3) .
The mortality experience of these cohorts of ACC Vietnam-era veterans was last reported in 1997 (4) . In comparison with their non-Vietnam veteran peers, the ACC Vietnam veterans demonstrated a significantly greater risk of deaths from digestive system diseases. Nonsignificant elevated relative risks also were observed for all cancers combined, digestive and respiratory systems cancers, and nonmalignant respiratory system diseases. For the Vietnam Selected Abbreviations and Acronyms ACC Z Army Chemical Corps TCDD Z 2,3,7,8-tetrachlorodibenzo-p-dioxin BIRLS Z Beneficiary Identification and Records Locator Subsystem SSA Z Social Security Administration NDI Z National Death Index ICD Z International Classification of Diseases NCI Z National Cancer Institute NIOSH Z National Institute for Occupational Safety and Health SEER Z Surveillance, Epidemiology, and End Results BMI Z body mass index 95% CI Z 95% confidence interval SMR Z standardized mortality ratio ARR Z adjusted relative risk COPD Z chronic obstructive pulmonary disease veterans, patterns of elevated but nonsignificant mortality risk persisted for disease of the digestive and respiratory systems and for selected cancer sites when compared to the mortality rates for U.S. men. The current study has added 14 years to the observation period since the last vital status follow-up in 1991 (4), extending the total follow-up period to almost 35 years. The purpose of the study was to determine the long-term mortality experience of ACC veterans who were occupationally exposed to the herbicide Agent Orange in Vietnam. Figure 1 shows the major steps in the identification and selection of the ACC Vietnam-era veterans. The selection of study subjects was described in detail elsewhere (4 (1, 4, 6) , the frequency distributions of the resultant ICD 9 codes, and the National Cancer Institute's (NCI) Surveillance, Epidemiology, and End Results (SEER) analytical tools (Surveillance Research Program, National Cancer Institute SEER*Stat software, Version 6.4.4. Available at: www.seer. cancer.gov/seerstat). The major mortality groupings used in this analysis are malignant neoplasms and nonmalignant disease-related causes of death (excludes external causes but includes, for example, major diseases other than malignant cancers such as circulatory system disease, digestive system disease, and respiratory system disease).
METHODS

Study Subjects
Statistical Analysis
The variable, ''days of follow-up'' (''time to event'' or ''survival time''), was computed to obtain person-years at risk of dying. They were counted for each person from the earlier of either the date when an individual left military service or the date the last U.S. troops left Vietnam (March 28, 1973) and to either the date of death or end of follow-up (December 31, 2005). Crude mortality rates and ratios were computed for all causes and for each of the cause-specific mortality categories. By the use of a competing risk approach (7), the effect of the covariates on survival time for each of the events (e.g., each of the cause of death categories such as respiratory system cancer, circulatory system disease, etc.) was estimated while deaths from other events were censored. ''Time to event'' was regressed onto race, age at entry into follow-up, rank, total months of military service, and Vietnam-service status (whether or not an individual served in Vietnam). The relationship between ''time to event'' was examined relative to Vietnam-service status while controlling for all other covariates, for all causes of death and then for each cause-specific mortality category. Proportionality of the Cox proportional hazard model was tested and there was no evidence to suggest that this assumption was violated.
Similar analyses were conducted on a subgroup (n Z 1473) of the Vietnam cohort to examine associations between self-reported herbicide spraying status and mortality from various causes while controlling for Vietnam-service status (by including only those who served in Vietnam) and other covariates (through regression). The additional covariates used in the Vietnam subgroup analysis included herbicide spraying activity, body mass index (BMI), and smoking status that were obtained from information collected in the earlier ACC Vietnam Veteran Health Study (1) . Not all the categories presented for comparison of the Vietnam and non-Vietnam cohorts are presented in the tabulated results for the Vietnam subgroup analysis because of small numbers, but we still deemed it important to represent a range of categories to demonstrate possible patterns.
Relative risks were adjusted for potential confounders and 95% confidence intervals (95% CI) obtained using SAS system Ò software (Version 9.1; SAS Institute Inc. SAS/STAT Software, Cary, NC: SAS Institute). Bonferroni-like adjustments were not performed for the multiple tests completed because these types of adjustments increase the probability of concluding that no difference exists when one actually does (8, 9) and because the determination of how many tests to use in modifying the P value is arbitrary (9) . Cause-specific standardized mortality ratios (SMRs) and 95% CIs were obtained by the use of the NCI SEER*Prep and SEER*Stat software (Surveillance Research Program, National Cancer Institute SEER*Stat software), which adjusts for sex, race, age, and calendar period of death and bases expected mortality rates on those obtained for U.S. population males. This research was approved by the Institutional Review Board and the Research and Development Committee of the Veterans Affairs Medical Center, Washington, DC, in the Fall 2007. Table 1 , there were a total of 948 deaths representing approximately 17% of the individuals in the Vietnam and non-Vietnam cohorts; 624 deaths occurred since the 1991 update (4). The mean length of follow-up for the two cohorts on average was approximately 32 years, with total person-years at risk estimated to be 93,318 and 89,850 for the Vietnam cohort and non-Vietnam cohort, respectively (not shown in tables). Individuals in each of the cohorts were predominantly white and enlisted, and the median age was estimated to be about 24 years at the start of follow-up and 58 at the end of follow-up (Table  2) . Almost 90% of veterans in each of the study groups were between the ages of 50 and 70 at the end of follow-up (not shown in tables). The adjusted relative risks (ARR; Among a subgroup of Vietnam veterans, ARRs were generally elevated for veterans who sprayed herbicides compared with veterans who did not spray herbicides, but none were statistically significant ( Table 5 ). The ARRs for all causes, respiratory system cancers, and nonmalignant respiratory system diseases were 1.46 (95% CI, 1.00À2.12), 1.35 (95% CI, 0.53À3.43), and 2.24 (95% CI, 0.42À11.83), respectively, when we adjusted for all other covariates, including smoking status.
RESULTS
As presented in
DISCUSSION
The ACC veterans who served in Vietnam had the potential for a high level of Agent Orange exposure because of their specific duties involving the storage, preparation, and application of herbicides. Although not statistically significant, ACC Vietnam veterans experienced an excess in mortality from all causes, all cancer combined, and circulatory, respiratory, and digestive system diseases relative to their non-Vietnam veteran peers. These observations were also replicated when the mortality experience of these Vietnam veterans was compared with U.S. men. Because of the inherent advantage associated with a statistical method based on comparisons to expected numbers derived from U.S. national mortality statistics, the SMRs for all causes, respiratory cancers, and nonmalignant respiratory system disease were statistically significant, whereas the SMR for circulatory system disease was elevated but not significant. Moreover, a comparison only among Vietnam veterans demonstrated that veterans who had a greater potential for herbicide exposure exhibited a greater risk of death from many of the same categories of diseases than other Vietnam veterans who had not handled/sprayed herbicides like Agent Orange.
These observations from this mortality study are consistent with the results from a health survey conducted among the same cohorts of ACC Vietnam-era veterans in 1999/ 2000 (1). Among ACC veterans who participated in a health survey (n Z 2927), there was a statistically significant association between a history of spraying herbicide in Vietnam and physician-diagnosed diabetes, heart disease, hypertension, and chronic respiratory diseases while controlling for Vietnam-service status, race, BMI, military rank, cigarette smoking, and age at time of interview. Thus, these findings were independent from the effect of military service in Vietnam in general.
Our positive finding of elevated relative risk (ARR, 1.29; 95% CI, 0.79À2.10) and elevated SMR (1.35; 1.03À1.73) for respiratory cancer among ACC Vietnam veterans is consistent with the studies of industrial production workers who were occupationally exposed to dioxin (10-13) as well (18) . However, it should be noted that many Vietnam veteran studies and environmental studies without objective assessment of exposure did not find an association between exposure and the mortality risk attributable to respiratory cancer (2, 3). Therefore, the evidence for an association between exposure to Agent Orange or dioxin and the risk of death due to respiratory cancer is considered limited but suggestive by the Institute of Medicine committee (3). In contrast to the finding of elevated respiratory cancer among ACC Vietnam veterans, a few previous studies reported elevated mortality risk attributable to nonmalignant respiratory diseases, especially chronic obstructive pulmonary disease (COPD) among individuals who were potentially exposed to dioxin. In the 15-year period after the Seveso accident, increased deaths from COPD were observed among male residents of the area where dioxin contamination was the greatest (relative risk, 3.7; 95% CI, 1.4À9.9) (19) . In a health study of Australian Vietnam veterans, a four-fold excess prevalence of COPD was found in Vietnam veterans (20) .
Again, there are many studies that did not support our observation of elevated mortality attributable to nonmalignant respiratory disorder. Notably, the National Institute for Occupational Safety and Health (NIOSH) study of workers exposed to chemicals contaminated with dioxin did not find elevated prevalence of chronic bronchitis, COPD, abnormal pulmonary function parameters, or cardiovascular diseases including hypertension (21) . A mortality study of the same NIOSH cohort, however, reported an increased overall cancer mortality and ischemic heart disease. Although statistically significant trends for cancer (15-year lag time) and heart disease (no lag time) with increasing exposure also were reported, diabetes showed a negative exposure-response trend (22) . In the current study, respiratory cancer and nonmalignant respiratory disease mortality were significantly greater in the Vietnam cohort compared with U.S. men whereas the SMRs for these diseases were at approximately 1.0 or below for the non-Vietnam cohort, implicating service in Vietnam, or some aspect of this such as herbicide spray activity, as a possible factor in these events. The excess mortality occurring within the same organ system for different disease entities (e.g., cancers and noncancers) adds greater relevance to the issue of respiratory health in ACC Vietnam veterans particularly if inhalation is considered a main route of herbicide exposure.
We found a statistically significant deficit for the SMR for lymphopoietic cancers. The direction and magnitude of the SMRs were within range of one another for each of the cohorts in comparison to U.S. males. This and the ARR of 1.10 between Vietnam and non-Vietnam veterans for this group of cancers indicates that lower mortality from this cause is not necessarily specific to Vietnam-service status but possibly to military service more generally. Service in Vietnam during the Vietnam War did not increase the risk of non-Hodgkin's lymphoma (23, 24) or Hodgkin's disease (25, 26) when examined in several case-control studies of male veterans.
Certain study limitations should be considered when evaluating these results. A potential limitation of this study is the reliance on death certificates for information on cause of death. Their accuracy in recording causes of death may be variable (27À29), especially where cancer-related deaths are concerned (28) . Disease diagnosis at time of death and ICD classification are potentially susceptible to measurement errors that may impact the quality of cause of death statistics Mainly mortality from malignant cancers, other major non-cancer diseases, and external causes. (30) . Although cause of death on the death certificate was not verified in this study, misclassification errors would be expected to be equally distributed across the cohorts and general population. Nevertheless, the NDI-Plus mechanism that was used in this research to obtain cause of death information has been shown to produce comparable results with approaches based on requests to state vital statistics offices with deaths coded by nosologists (31, 32) . The completeness of the various available mortality databases that were used in this study of Vietnam-era veterans has also received careful review (33) . This study used information combined from the VA BIRLS Death File and the SSA Death Master File. It was found that VA death reporting of Vietnam-era veterans to be approximately 90% complete by the VA BIRLS files and 96% complete when used in conjunction with the SSA Death Master File. There was no substantial difference in ascertainment rate by Vietnam service status of deceased veterans (Vietnam veterans, 98%; non-Vietnam veterans, 95%) (33) . The other national mortality data source which is considered the ''gold standard'' is the National Death Index (34) . However, it can be expensive to use for a large cohort with a long follow-up period. In addition, the NDI does not include deaths before 1979. In our study, the start of vital status follow-up was 1973 or earlier.
This study was also limited by an inability to report that a statistically significant difference actually exists between the cohorts because of small sample sizes for many of these mortality categories. For example, considering mortality from respiratory system cancer among non-Vietnam veterans, we would need a sample approximately six times the size of the current sample (b Z 0.20 with ''two-sided'' [a Z 0.05] sample size calculation) for an ARR Z 1.29 to represent the smallest detectable measure of association. In other words, an ARR of approximately 1.8-1.9 would need to be attained to detect a significant difference between the two cohorts given the size of the sample.
The lack of information on confounding factors, including smoking and alcohol use, dietary habits, and post-service occupational exposure, was a limitation. For example, inhalation of cigarette smoke is one of the most important risk factors for many nonmalignant respiratory diseases. The lack of smoking history for the entire cohorts of Vietnam and non-Vietnam veterans can be a major limitation in interpreting the study findings related to respiratory diseases. However, a subanalysis involving a comparison of approximately one half of the original ACC Vietnam veteran cohort who participated in a health survey in 1999/2000 still indicated that those who reporting handling/spraying herbicides were at a greater risk of death caused by respiratory cancer (ARR, 1.35; 95% CI, 0.53À3.43) and nonmalignant respiratory diseases (2.24; 0.42À11.83) even after adjusting for smoking status. Although the findings were not statistically significant as the result of small sample size, a similar pattern of elevated risk of respiratory diseases among Vietnam veterans with greater opportunity for herbicide exposure after controlling for smoking history lends support to the findings from the entire cohort of ACC Vietnam veterans.
A major strength of this study is the selection of a cohort of Vietnam veterans who had documented occupational exposure to herbicides in Vietnam and a comparison cohort of veterans who were in the same military occupation but who did not serve in Vietnam. A comparison to the U.S. male population alone may bias the results because of a ''healthy veteran effect.'' Because of initial screening for military service, requirements to maintain certain physical standards, and better access to medical care during and after military service, a veteran cohort usually has a better survival rate than a comparable segment of the general population. This ''healthy veteran effect'' was demonstrated in the current study in that a vast majority of SMR values among non-Vietnam veterans were less than 1.0 indicating that even three decades after military service, there were still measurable effects from having been in the military. Therefore, a small increase in the risk of death from various causes in Vietnam veterans will not be detected, if one compares the mortality experience of Vietnam veterans only with the U.S. population. A follow-up period of more than three decades for the cohorts should be also considered a strength of the study because diseases with long latency periods, like many cancers, should already have begun to be manifested. In summary, Army Chemical Corps Vietnam veterans who were occupationally exposed to herbicides experienced a significant excess in mortality from diseases of the respiratory system (COPD) in comparison with their non-Vietnam veteran peers, and all causes, respiratory cancer, miscellaneous cancers, and nonmalignant respiratory disease as compared with U.S. males. Our findings are consistent with the results from several studies of workers who were occupationally exposed to herbicides and dioxin. In light of specific study limitations and the unique nature of military duties assigned to these veterans, the results from the study must be interpreted cautiously and may not be generalizable to Vietnam veterans as a whole.
